The study area is located in the extreme southwest of the Ougnat Mountains in the eastern Anti-Atlas, which is part of the distorted northern margin of the West African craton. It has Late Neoproterozoic to terminal, Paleozoic and Quaternary lands. In order to obtain a better recognition of the different structural contacts and to define the alignment of mineralized veins in barite and galena at the level of the study area, we used the technique of electrical tomography. The resulting response, in the form of electrical imaging, informed us in detail about the different zones of heterogeneity existing in the prospected soil. In induced polarization, the pseudosections obtained were able to locate the passages of the zones of anomalies encountered and thus confirm their alignments defined by the electrical resistivity measurement results.
Introduction
The Taroucht area is located south of the town of Tinejdad (southeast of Morocco). It begins with the complete localities of Tin Ayt Mhemd, Ihendar, Taghya, and ends with the great mountainous region which is a part of the great fault which elongates the palaeozoic formations to the town of Banigounssa in the southwest.
In order to obtain a better recognition of the different structural contacts and to define the alignment of the mineralized veins in this zone, we used the geophysical investigation technique.
The measurement procedure consists of the introduction of electrical tomography at the localities of Taroucht and Tabesbaste, whose objective is to highlight an image of the subsoil according to sections of electrical resistivity. In order to confirm the location of the different contacts encountered, we also provided measurements in induced polarization (IP). This imagery gives detailed information on the different heterogeneities existing within the prospected field. The depth of the ground prospected by the measurement profiles is around 54 m approximately. Electrical resistivity tomography is a geophysical tool used in geological, mining prospecting, hydrological, and geotechnical investigations. Resistivity and induced polarization profile lines were carried out with Wenner array. Resistivity and chargeability are well known geophysical methods and are traditionally applied to mineral exploration; see the studies by Bérubé P. [1] , Djroh S. P. [2] , and Nicolas F. et al. [3] , and, in environmental studies, they are often used to delineate contaminant plumes and geological boundaries; see, for example, the studies by Vagner Roberto Elis et al. [4] , Aristodemou and Thomas-Betts [5] , Baines et al. [6] , Bernstone et al. [7] , BLONDEL [8] , and HACINI et al. [9] . According to Johansson et al. [10] , the combination of resistivity and time domain induced polarization (IP) can improve the use of geoelectrical methods in landfill investigation. Given the configuration of the prospected area which is very rugged and given its quality which is strongly fractured, the coupling between these two techniques, electrical resistivity and induced polarization, seems essential. Indeed, the contribution of the chargeability response makes it possible both to confirm the results of the response of the electrical resistivity at the level of the ground prospected and also to distinguish these results from those relating to the clay materials which accumulate in fractures. The fractured zones are the seat of the very frequent flows of water disturbing the exploitation of the deposit in place. In calcareous medium and in sandstone environment, the prospection by chargeability seems better compared to that of the other methods (for example, the electromagnetic technique), and the signal obtained provides contrasts well individualized and easily interpretable at the meeting of the mineralized zones. It should be noted that, for metallic particles, there is a perfect correlation between the response of the resistivity signals and that of the IP signals [11] .
Geological and Morphostructural Context of the Ougnat Massif

Geological Context.
The Ougnat buttonhole is part of the Eastern Anti-Atlas and represents the continuity towards the Northeast of the Saghro Range whose lands are of Neoproterozoic age ( Figure 1 ). It is characterized by the presence of a lower Neoproterozoic base formed essentially of a volcanic-sedimentary series in oriented strips NNE-SSW [12] . The latter is intruded by small masses of quartz diorite and granodiorite which in turn are intruded by a garnet granite. According to Abia [12] and Abia et al. [13] , Ougnat granitoids are organized into two geochemically different units of different origins: the Ougnat rhyolitic complex and the Ougnat pyroclastic complex.
The base appears as buttonholes, from west to east, the buttonhole of Saghro and that of Ougnat, with its ENE-WSW orientation. The folding of the palaeozoic cover is enhanced by the formation of the Bani; Ordovician ridge is visible virtually throughout the Anti-Atlas. The large-scale image of the Paleozoic shows a series of domes and basins. It is represented, from West to East, by the basin of Tazzarine and the basins of Maïder and Tafilalet [14] .
The lithostratigraphic series of the study area ( Figure 2 ) is based mainly on the geological map of Morocco (Tourach leaf at 1: 50,000, [15] ) and on some observations that we made during our field visit.
Structural
Overview of the Anti-Atlas. The structuring of this region was carried out in the lower paleozoic and then during the hercynian cycle. It is the hinterland of the hercynian orogeny. Thus, the formations of the study area are characterized by a set of faults of direction generally EW to NE-SW inherited from the rifting periods (CambroOrdovician; Devon middle-upper) and which have been reactivated in inversion during the rifting period hercynian orogeny. The corresponding rejections in inversions or inverse weaknesses are at the origin of the generally open folds that occur in the palaeozoic cover of the massif [16] . The map of Figure 3 also illustrates the contours of the isobaths (equal depth curve of the base) which are sometimes offset by the faults; the further away from the buttonhole, the greater the depth of the base.
The section of Figure 4 shows the different structural contacts and the geological formations encountered in the Taghoucht zone.
Equipment and Methods
The induced polarization (IP) method is based on a currentstimulated electrical phenomenon observed as a delayed International Journal of Geophysics voltage response in earth materials. The IP effect is observed as a residual voltage decay after the current flow is interrupted (time domain IP) or as a frequency-dependent resistivity (frequency domain). In the time domain, the voltage decay is recorded during a time interval Δt = t 2 -t 1 (ms) after the current flow is interrupted. The calculated parameter is the chargeability, given by
The first step in interpreting data in electrical tomography is to construct a pseudosection. This is obtained by plotting the value of the apparent resistivity measured at the center of the array and at a depth dependent on the spacing between the electrodes (Edwards, 1997).
The data was inverted by the Res2Dinv software using the robust inversion L1 [17, 18] (Figure 5 ).
The acquisition was made by the ABEM Terameter SAS menu of 64 electrodes placed at intervals of 5 m; the length of each profile is 320 m (Figure 6 ). 
Results and Discussion
In order to obtain a better recognition of the spatial quality of the studied site, we used the technique of electrical tomography, which allows to provide an electrical image of the subsoil, combining both the resistivity response and that of the chargeability based on depth. This electrical imaging provides us with more detailed information on the location of the mineralized zones, on the one hand, and on the determination of the heterogeneity of the ground prospected on the other hand. Indeed, five profiles in Wenner electric tomography have been realized. Two profiles were made at the sandstone and limestone stromatolite formations of Lower Cambrian age in the western part of Taroucht village, to detect the mineralized barite veins, and the three others are made at the Silurian age shale formations, in the locality of Tabesbaste, whose aim is to follow the alignment of the mineralized veins in galena (Figure 7 ). Its chargeability is around 2.6 msec and its resistivity exceeds 1600 Ohm-m, and this vein is very thick on the order of 5m in the deep. (iii) The passage of another mineralized vein was not detected by the resistivity profile, but it is well evidenced by the chargeability response in the SSE part of the profile.
Results Obtained in Taroucht
The lands that mask the mineralized zone at depth correspond to fissured sandstone formations covered with colluvium accumulating high humidity. In the middle of the ground prospected, there is the presence of a very wet colluvium accumulation zone; the value of the resistivity is of the order of 60 ohm-m.
It should also be noted that this profile intersects an E-W fracture zone.
Profile 2 was made at a distance of 200 m East of the first profile in direction NNW-SSE and in coordinates Lambert X = 534577.38m, Y = 86442.72m, and Z = 1340 m.
The pseudosections obtained ( Figure 9 ) highlight three mineralized zones:
(i) The first zone is located at about 35 m from the beginning of the ground prospected and corresponds to the passage of a seam flush on the surface and becomes wider and inclined in depth. Its chargeability value is around 5 msec.
(ii) The second is located almost in the middle of the profile, at a depth of 20 m and chargeability of the order of 2.5 msec.
(iii) The third zone is marked towards the NNW part at a distance of 240 m from the beginning of the profile. Its depth is almost the same as in the first case and its resistivity exceeds 1500 Ohm-m.
The orientation of the electrical tomography profiles is selected according to the direction of the vein portions observed at the outcrop. Indeed, according to Figure 10 the mineralization is generally oriented NE-SW.
Profile one crosses the two formations (lower Cambrian Asrir sandstone and Neoproterozoic age rhyolitic tuffs). This profile suggests the presence of two veins: the first is located in the southern part and the second at the end of the pseudosection. Profile 2 is made in the sandstone formation, and it shows the presence of the same mineralized veins.
The correlation between the two pseudosections (Figure 10) indicates the presence of continuity between the two detected veins:
(i) For the lode identified in the southern part, the response of the chargeability signal is important in rhyolitic formations (2m thick), and this lode sinks deeply in the second profile under the sandstone formations in place which cover both the vein and rhyolitic volcano-sedimentary tuffs. constant depth (of the order of 20m) and developed on a thickness which reaches 3m.
Results Obtained in Tabesbaste
Area. Indeed, three profiles in electrical tomography have been made in this locality. Profile 3 ( Figure 11 ) is located in the vicinity of the right bank of the National Road No. 10 connecting the two cities Tinejdad and Tinghir. The prospected field has a SSW-NNE direction in Lambert X coordinates = 504182.89, Y = 96448.01m, and Z = 1174m.
At this locality, the model obtained shows large heterogeneities with significant contrasts, and the values attributed to the passages of the mineralized zones differ considerably from those corresponding to the surrounding lands (shale). Thus, the pseudosection established ( Figure 11 ) highlights a mineralized zone identified at 85 m from the beginning of the profile, whose apex is located at about 10 m and its chargeability value exceeds 100 msec.
Another relatively mineralized zone is located in the middle of the profile (80 msec). The latter appears cut and associated with a passage of a fracking anomaly zone (direction SSE-NNW), whose resistivity is of the order of 130 ohm-m.
In addition to these zones of anomalies, this profile also shows zones of accumulation of water, and they are located on both sides of the location of the area of fracturing anomaly.
Profile 4 is made in the vicinity of Profile No. 3; it is made in the NNW-SSE direction and Lambert X coordinates = 504294.00m, Y = 96228.38m, and Z = 1173m.
For the resistivity response, the resulting pseudosection ( Figure 12 Regarding the chargeability result, we can say that it is a single mineralized passage but well inclined while sinking towards the SE direction. Its load value exceeds 400 msec. The profile announces another deep mineralized zone, but it is less individualized.It should also be noted that this profile intersects a fracture zone clearly visible topographically and oriented slightly N-S. Profile 5 is made in the N-S direction, in Lambert X coordinates = 504236.30m, Y = 96448.01, and Z = 1161m.
The results of the profile ( Figure 13 ) show a slightly mineralized structure in the middle of the ground prospected, located at a depth of the order of 15 m. Its resistivity is of the order of 350 ohm-m and its chargeability is around 35 msec. This vein is well individualized in depth which reaches 3 m thick.
According to Figure 14 , electrical tomography profiles have been performed in recent quaternary formations.
The correlative study of the profiles carried out suggests the continuity of the vein 3 which becomes more important (3m thick) at the level of the pseudosection 5. Indeed, the general direction of the veins is oriented E-W.
The other two veins identified by Profile 3 are absent in Profile 5; this absence is explained by 2 hypotheses: (i) Their deep penetration, knowing that the pseudosection obtained at their level does not exceed a depth of 26 m (ii) The three veins that are joined in Profile 5; that is why one records a thickening of the latter (3 m) and the answer of the signal obtained at its level is relatively more important.
Conclusion and Perspectives
The prospection in electrical tomography carried out at these two localities, Taroucht and Tabesbaste, made it possible to provide information on the different heterogeneities present in the surrounding lands prospected, in this case the Paleozoic formations (sandstone and sandstone limestone). Indeed, it was able to highlight the location and alignment of the mineralized veins. In the vicinity of the Taroucht area, the comparison between the pseudosection models obtained from the chargeability and those obtained from the resistivity made it possible to locate important zones of anomalies attributed in particular to the location of the baryte veins (BaSO4). Indeed, the passage of the mineralized zones presents important values of the two parameters (resistivity and chargeability); this comes from the fact that the veins are cashed at the level of the most compact parts of the surrounding land; these zones are sometimes raised with respect to the rest. The land seems more altered on both sides of the passage of these veins, sometimes presenting conductive clay intercalations.
It should be noted that the chargeability values obtained at Tabesbaste are higher compared to those obtained at Taroucht; they exceed 100 msec while they are less than 10 msec in Taroucht.
Given the importance of the results obtained in these areas prospected, it is therefore necessary to enrich them by the achievement of other profiles by providing mainly measurements in electromagnetic trails in order to identify the various heterogeneities and their relationship with the veins, on the one hand, and to characterize in a more detailed way their mineral potentiality on the other hand.
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